Background: Few studies of robotic nipple sparing mastectomy (NSM) were reported. We report feasibility of robotic NSM and determine standard surgical procedure and learning curve threefold. Methods: A cohort of patients with robotic NSM for breast cancer was analyzed. Complications and post-operative hospitalization stay were reported. The same technic was used for all patients except for skin and nipple areolar complex (NAC) dissection. Differences between three surgical procedures of NAC dissection were analyzed: group 1, dissection with robotic scissors using coagulation; group 2, dissection with robotic scissors without coagulation; and group 3, dissection with non-robotic scissors and then robotic dissection. We explored possible effect of learning curve among patients from group 1 with the same surgical procedure. Results: Twenty-seven NSM with immediate breast reconstruction for breast cancers, 22 invasive and 5 in situ, were performed, with robotic latissimus dorsi-flap (RLDF) only in 17 cases, RLDF and breast implant in 6 cases, and implant alone in 4 cases. Repartition according to 3 surgical procedure groups was 16, 5, and 6 patients. Mean time of surgery and anesthesia decrease according to groups 1 to 3. Among 16 patients from group 1, time of surgery and anesthesia decreased with learning curve. Post-operative hospitalization decreased from group 1 to 3. We reported a total of 11 complications, with significant difference between groups (10 for group 1). Skin complications were higher for group 1 in comparison with groups 2-3 (p = 0.02).
Introduction
Robotic oncologic surgery is considered a valid endoscopic technique for several indications including urologic, colorectal, and gynecologic surgery. Nipple sparing mastectomy (NSM) is today considered as a valid procedure for prophylactic mastectomy and an acceptable option for breast cancer (BC) therapeutic mastectomy [1] [2] [3] [4] [5] . Very few studies of robotic mastectomy were reported [6] [7] [8] [9] , and some studies were specifically published about endoscopic robotic latissimus dorsi-flap dissection [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Since 2007, we have now a strong experience of gynecologic oncologic robotic surgery not only for hysterectomy but also for more complex procedures [19] [20] [21] [22] . These experiences conduct us to start breast robotic surgery development.
The aim of this study was to report feasibility of robotic NSM and determine standard surgical procedure and learning curve threefold.
Methods

Patients
Robotic mastectomies (RM) and immediate breast reconstruction (IBR) were performed by one surgeon during 16 months (from the first procedure in November 2016 to February 2018). All patients were informed of robotic assistance surgery. Our institutional ethical committee approved robotic breast surgery procedures.
We determined characteristics of patients (age, body mass index (BMI), tobacco use, diabetes, ASA status, breast volume), previous treatment for breast cancer (BC) (sentinel lymph node biopsy, axillary lymph node dissection (AL ND), neo-adjuvant chemotherapy, previous breast radiot herapy), indications of NSM (primitive BC or local recurrence, reconstruction with robotic latissimus dorsi-flap (RLDF), and or breast implant).
Surgical technic with type of Da Vinci system, number of trocars, skin incision, duration of anesthesia, and surgery were reported according to period of treatment and association of surgical procedures (mastectomy, breast implant, RLDF, ALND, and contra lateral breast surgery). Six chronologically periods of 3 months was determined.
Complication rate was determined with Clavien-Dindo grading [23] . Re-operation rate, type of complication, and number of post-operative hospitalization days were analyzed.
Groups of surgical procedures
The same technic was used for all patients except for skin and nipple areolar complex (NAC) dissection, determining three groups: group 1, dissection with robotic scissors using coagulation; group 2, dissection with robotic scissors without coagulation; and group 3, dissection with non-robotic scissors after subcutaneous infiltration with adrenaline serum and then robotic dissection.
We explored possible effect of learning curve among patients from group 1 with the same surgical procedure (NSM and robotic LDF with or without breast implant).
Statistics
Main characteristics were reported with median, mean, and confidence interval 95% (CI 95%) for quantitative criteria. Comparisons were performed using χ², t test, and binary logistic regression with SPSS 16.0. Tables 1 and 2: 27 NSM with immediate breast reconstruction (IBR) for 10 (37%) local recurrences (7 invasive and 3 DCIS) and 17 (63%) primitive BC (15 invasive and 2 DCIS) were performed. Breast reconstruction used autologous RLDF only in 17 cases, RLDF and breast implant in 6 cases, and breast implant alone in 4 cases. Mean implant sizes were respectively 390 cc (range 311-490) for RLDF with implant and 283 (range 230-330) for breast implant reconstruction alone. Distribution according to 3 surgical procedure groups was 16, 5, and 6 patients.
Results
Characteristics of patients are reported in
Robotic mastectomies were performed in 14 patients with SI Da Vinci (51.9%) and 13 with XI system (XI was available since 24 February 2017: 5 with SI and 14 with XI (73.7%).
Surgical procedure
When mastectomy was performed with a concomitant RLDF, patients' installation were dorsal decubitus then in side decubitus. For robotic NSM, installation was realized with anteflexion of arm in order to use robotic arm without strong limitation.
A vertical axillar incision, about 4 to 6 cm according to breast volume, on anterior axillary line allowed the beginning of the dissection on 3-4 cm for subcutaneous plan and a limited dissection under incision along anterior axillary line in order to introduce one robotic trocar about 6 cm under axillar incision. Then, a GelPoint mono-trocar was introduced through the axillar incision with two robotic trocars (one trocar for a 0°camera (Intuitive Surgical, Denzlingen, Germany) and one trocar for AirSeal insufflation also used for the assistant surgeon when necessary. We used a low pressure (7 mm). We introduced a monopolar scissors and bipolar clamp into up and down robotic trocars with camera in the middle robotic trocar. After superficial dissection, we started the dissection between major pectoralis muscle and breast gland, then we realized section of gland periphery on upper, internal and lower quadrant with robotic scissors using monopolar coagulation. After mono-trocar removal, we systematically performed a retro NAC biopsy with NAC eversion without extemporaneous analysis and verification of complete gland removal. We performed a complete resection of tissue under NAC and particularly under the nipple with only preservation of skin NAC.
After mastectomy, we start by the same incision and mono-trocar RLDF dissection with patient installation in lateral side. After mobilization of LDF, fixation of muscle was performed with several sutures and aspirate drainage disposed in dorsal area (2 drains through the inferior incision for robotic trocar) and in mastectomy area (1 drain). We do not perform dorsal padding. When implant was associated with RLDF, implant was disposed under the muscle without changing the patient's position (patient installation in lateral side). When only implant was used, a robotic dissection of major pectoralis muscle provide pocket to manually introduce the prosthesis.
Time of surgery and anesthesia
Time of anesthesia is recorded from anesthesia induction to tracheal extubation. Time of surgery include all procedures and several installations from skin incision to the end of skin suture. Mean time of surgery decrease according to groups 1 to 3 (Table 2) with higher difference when we analyzed only NSM with concomitant RLDFR (Table 2 and Fig. 1 ). These differences were not significant in relation with the small number of patients in each group. Time of surgery increased according to association of procedures number (Fig. 2 ). Mean time of anesthesia also decrease according to groups 1 to 3 ( Table 2 ) with higher difference when we analyzed only NSM with concomitant RLDF ( Table 2 ).
Time of surgery and anesthesia were different between procedures performed with SI or XI system ( Abbreviations: RLDF robotic latissimus dorsi flap, SLNB sentinel lymph node dissection, ALND axillary lymph node dissection, BMI body mass index 
Learning curve
Among 15 patients from group 1 with the same surgical procedure (NSM and RLDF), 3 periods of 3 months was determined (P1 to P3) with respectively 3, 8, and 4 patients in order to explore learning curve impact. Time of surgery and anesthesia decreased during third period (P3) in comparison with the two first periods (P1-2) ( Table 3 and Figs. 3 and 4) . Time of surgery and anesthesia were lesser for P3 in comparison with P1-2 ( Table 3) without difference between P1 and P2. Number of associated surgical procedures was 2 or 3 for patients operated during P1-2 (three patients with three procedures) and three procedures for four patients operated during P3.
Outcome
Post-operative hospitalization decrease from group 1 to 3 (median days respectively 4, 3, and 2.5 ( Table 2) . We reported a total of 11 complications, with significant difference between groups (Table 4) . Ten of these complications were observed in group 1. Seven complications of NSM were Clavien-Dindo grade II or III (7/27: 25.9%). Types of complications are reported in Table 4 . The more important rate was in relation with dorsal lymphocele. Skin necrosis, about 2 cm out of NAC (1 patient: grade II) and cutaneous small blistering (5 patients: grade I) was significantly higher for group 1 in comparison with groups 2 and 3 (6/16 vs 0/ 11; p = 0.02). Re-operation was necessary for four patients within three cases explantation of prosthesis. For the last patient, a conversion from robotic to open surgery was required after half of dissection for bleeding on arterial perforant of arterial internal mammary, but without post-operative complication. Patients with Clavien-Dindo grade II-III complications and their characteristics are reported on Table 5 .
In univariate analysis, complication rate was correlated with group 1 vs group 2-3 (10/16 vs 1/11: p = 0.007), group 1-2 vs group 3 (11/21 vs 0/6: 0.027), associated surgical procedure number 1 or 2 vs 3 or 4 (2/15 vs 9/12: 0.002), 6 periods of 3 months (0.006), and we observed a significant borderline result for BMI < or > = 23.5 (7/22 vs 4/5: 0.071). The following criteria were non-significant: time of surgery < or > = 360 (6/16 vs 5/11: 0.492), time of anesthesia < or > In binary logistic regression, including NSM for primitive BC or local recurrence and associated surgical procedure number 1-2 vs 3-4 (with exclusion of previous ipsilateral conservative surgery or not which is strongly correlated with NSM for primitive BC or local recurrence), complications grade II-III were correlated with number of associated surgical procedures which remain highly significant (OR 54.0, CI 95% 2.8-1040, p = 0.008) but indication of NSM was not significant (0.998). Abbreviations: BMI body mass index, RLDFR robotic latissimus dorsi-flap reconstruction, ALND axillary lymph node dissection
Breast cancer treatment
Previous radiotherapy was observed in 10 patients with local recurrences and for 1 patient with neo-adjuvant chemotherapy and radiotherapy. Neo-adjuvant chemotherapy was performed in three cases. Trastuzumab was administered in two cases.
Discussion
We reported our experience with robotic NSM for BC with evaluation of three surgical technics to perform mastectomy in order to propose a standardized procedure corresponding to the best and quicker procedure. Among 15 patients of group 1 using the same technic (dissection with robotic scissors with monopolar coagulation), we have evaluated the learning curve according to three periods of 3 months on surgical and anesthesia time. The main conclusions are (1) the third procedure of mastectomy dissection appeared to be the safer and quicker procedure (dissection with non-robotic scissors after subcutaneous infiltration and then robotic dissection), (2) learning curve need approximatively 10-11 robotic mastectomies even for surgeon with previous experience of robotic surgery for others indications. This surgical procedure with incision in axillary basin allowed good cosmetic results without scar on breast and without dorsal scar with RLDF. IBR allows better quality of life in comparison with mastectomy without reconstruction [24] , and small axillary incision with NSM increase good cosmetic results and contribute significantly to a woman's body image and quality of life [25, 26] . These robotic NSM were realized without difference between SI and XI system, but XI system is easier for dissection with easier mobilization of robotic arms without conflictual movement between robotic arms and patient arm. Moreover, when RLDF is planned, quicker and easier re-installation was observed with XI system. We had used more often XI system since the installation of the second Da Vinci robot.
This study is the first specifically dedicated to BC and the first study with evaluation of several surgical dissections technics. Toesca et al. reported [9] a case series of 24 consecutive patients (29 procedures) for 10 prophylactic surgeries and 19 BC performed to access feasibility, reproducibility, and safety. A stronger selection of patients was reported in his study in comparison with our study. All patients in Toesca et al.'s study [9] had no associated comorbidities, a BMI < 25, were classified as low risk for anesthesia, small breast volume (weight of specimen range between 200 and 300 g) without ptosis > 2, without diabetes, and without previous radiotherapy. For comparison, we have included only BC patients: 11 with previous radiotherapy, 1 with BMI > =25, 13 (48.1%) with breast cup size C-D, 12 (44.4%) with mastectomy weight > 300 g, and 6 breast implant volume > 300 cc (60%). Greater breast volume observed in our study can explain longer incision for NSM in comparison with Sarfati et al.'s and Toesca et al.'s studies [8, 9] . Moreover, we have performed concomitant RLDF in 85.2% of patients in comparison with implant breast reconstruction for all patients in Toesca et al.'s study [9] . Sarfati et al. [8] reported one case of robotic mastectomy with XI system including two prophylactic mastectomies with implant reconstruction disposed in subcutaneous position for a patient with breast cup size C.
We observed some surgical differences with these previous studies. Like Toesca et al., we used a mono-trocar system with the same small previous dissection before robot docking. However, the second operative robotic arm was disposed out of mono-trocar on anterior axillary line 6 cm under axillary incision. Sarfati et al. [8] do not use monotrocar. For superficial gland dissection, we propose to perform this time of surgery with non-robotic scissors without coagulation (bipolar coagulation was performed after docking and insufflation) and retro NAC biopsy with more than 2 cm at clinical and radiological exam for indication of NAC preservation [4, 27] . Toesca et al. [9] reported two cases of NAC removal for involvement of NAC by invasive carcinoma or DCIS (2/19: 10.5%) with proposition of NSM for patients with tumor-nipple distance greater than 1 cm. Safety of NAC preservation for BC have been well documented with mainly discussions about tumor distance and about thickness not removed under the skin and NAC [28] [29] [30] . NSM can be proposed in selected cases of recurrent BC (37% of our cases) [31] , after neo-adjuvant chemotherapy with or without neo-adjuvant radiotherapy (11.1% of our cases) [32] [33] [34] , and for DCIS (18.5% of our cases) [35] .
Duration of surgery reduced gradually for the first case to the final cases with a total length of time of 7 h for the first robotic surgery to around 3 h for the last cases in Toesca et al.'s study for NSM with breast implant reconstruction [9] . Our median surgical times for NSM with RLDF decrease from 370 mn to 285 mn for the third group and for specific time of NSM from 161 to 117 mn. Conversion rates were 6.9% (2/29) for Toesca et al. [9] and 3.7% in our study (1/27) . Small blistering was reported in two patients (2/24: 8.3%) by Toesca et al. [9] ; we observed more skin breast complications with one small skin necrosis and five small skin blistering, all of them in group 1. Clavien-Dindo grade II-III complications were more often observed in our study for group 1 procedures with no such complication in group 3 and were correlated in logistic regression with surgical procedure number higher than 2.
Robotic surgery is usually considered as a very expensive procedure. Fixed costs (maintenance and amortization) and cost of robotic instruments can provide more costs than non-robotic endoscopy or open surgery. Additional costs per procedure were low when about 300 procedures were performed with 1 Da Vinci system [36] and minimized by use of only 2 robotic arms for dissection. A short learning curve would also no doubt decrease the operating theater costs [36] .
Conclusion
The technique of robotic NSM can be achieved with a short learning curve for surgeons with previous experience of robotic surgery. Standardized technique proposed consisted to perform superficial gland dissection with nonrobotic scissors and then to perform all other dissection with robot through a mono-trocar insert in axillary small incision. Reconstruction can be performed with breast implant after robotic dissection of major pectoralis muscle or with RLDF dissected by the same axillary incision with or without implant. Complications grade II-III are correlated with more than two surgical procedures including NSM, RLDF, implant, and ALND. A prospective evaluation is necessary and planned in order to confirm these results and determine advantages over an open approach. To increase breast reconstruction volume autologous fat grafting is usually performed after this procedure.
